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Chapter 1
Introduction

1-1.  Purpose and Scope

This manual provides information and criteria
pertinent to the selection, installation, and
maintenance of wire rope and fittings.  It applies
primarily to gate-operating devices within the Corps of
Engineers' responsibility.

1-2.  Applicability

This manual applies to all USACE Commands having
civil works responsibilities.

1-3.  References

The required and related publications are listed in
Appendix A.

1-4.  Distribution Statement

Approved for public release; distribution is unlimited.

1-5.  Wire Rope Failure, Service Conditions,
and This Manual

a. The Corps has recently experienced wire rope
failures at a number of projects.  These failures

prompted the development of this manual.  Wire rope
failures typically render gates inoperable causing
delays to navigation, flooding potential, equipment
damage, and possibly even personnel injury.

b. A unique problem facing the Corps is the wide
variety of wire rope service conditions, which are
determined by rope and hoisting equipment design,
frequency of use, and the operating environments that
exist at Corps installations.  This manual covers many
of these conditions and presents the latest state-of-the-
art technology from commercial and industrial sources
and information from existing Corps projects.  Its
purpose is to optimize the service life of wire rope,
and to reduce the likelihood of future failures.

c. Chapters 2 and 3 present information on
construction and materials for rope and fittings.
Chapter 4 presents the calculations/data to select rope
within engineering standards.  Chapter 5 explains how
to specify or order rope.   Chapter 6 presents
information on accepting and installing rope, and
Chapter 7 covers inspection and maintenance.
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Figure 2-1.   The three components of a typical wire
rope

Chapter 2
Rope Construction and Materials

Wire rope consists of multi-wire strands laid helically
around a core (Figure 2-1).  The way the wires are laid
to form the strands, the way the strands are laid about
the core, the core construction, and the materials and
coatings used for the components contribute to the
overall properties of the rope.  The following sections
discuss rope properties in regard to construction and
materials.  They do not cover all the available types of
wire rope, but attempt to cover the types applicable to
gate-operating devices.

2-1.   Classification

a. Designation method.  Wire rope classification
is designated by the construction of the rope as seen in
cross section.  The number of strands and the number
of wires in each strand are respectively given in its
label, for example:  6x19, 6x37, 7x19, 8x61, etc.
(Figures 2-2 and 2-3).

b. Strand configuration.  Note that the nominal
classifications may not reflect the actual construction.
For example, the 6x19 classification includes 6x21
Filler Wire, 6x19 Seale, and 6x26 Warrington Seale
constructions.  The terms Filler Wire, Seale, Warring-
ton, and Warrington Seale refer to the  layers and the
configurations of the strands (Figures 2-4 and 2-5).
Note that for the Seale configuration, the wires in any
layer of the strand are of equal diameter.  For the
Warrington configuration, the wires of the outer layer
of the strand are of two different diameters.  The
Warrington Seale configuration is a blend of the Seale
and Warrington configurations.  The outer layer has
equal diameter wires and the next layer inward has
wires of two different diameters.  For the Filler Wire
configuration, all the main wires of each strand are of
equal diameter like the 7-Wire configuration.  How-
ever, extra wires of a small diameter have been added
between the main wires.  Compared to the 7-Wire
configuration, the more complicated configurations
result in strands which are more stable, flexible, and
less likely to collapse under load.

c. Rope properties.  Important characteristics of
wire rope relate to the number and size of the outer
wires, and to a lesser extent, the inner wires.  A small
number of large outer wires results in better resistance
to wear and corrosion.  A large number of small wires
results in better flexibility and resistance to fatigue.
Section 4-6, “Service Life” gives data on rope
classification versus service life.  Figure 2-6 is referred
to as the “X-chart” by the wire rope industry.  It shows
an inverse relationship between abrasion resistance
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Figure 2-2.   Six-strand classes

Figure 2-3.   Seven-strand classes

Figure 2-4.   Basic strand patterns
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Figure 2-5.  Combination strand patterns

Figure 2-6.  The “X-chart” as referred to by the wire rope
industry

which may be more appropriate for a small rope, sayand resistance to bending fatigue for some widely
used wire rope constructions.  For many installations,
both wear and fatigue may be a concern, which would
require a compromise.  Engineering judgment  in con-
sidering the application is needed to determine the
trade-off between fatigue resistance and wear resis-
tance.  Strength also varies somewhat with classifica-
tion and is shown in Appendix C.  Note that just as the
classification (number of strands x number of wires
per strand) is a relative indication of wire size, so is
strand configuration.  For example, a strand of the
Filler  Wire configuration will likely have some wires
of a much smaller diameter than any of the wires in a
strand of the Seale configuration.

d. Classifications for gate-operating devices.  It is
impossible to present here an all-inclusive list of wire
rope classifications suitable for gate-lifting devices.
However, 6x37 has long been considered appropriate
by most manufacturers for lifting devices.  Past
guidance for Tainter gate design called for 6x25
type B flattened strand rope.  Gate-lifting devices have
frequently used 6x37 Fiber Core (FC) and 6x30

Independent Wire Rope Core (IWRC).  This does not
suggest that any of these classes will be the best
engineering choice for any particular device, but they
would normally be among the first ones considered in
the engineering analysis.  Note that in considering the
initial selection, it may be wise to keep wires in a
manageable size.  That can be done by considering
both construction and strand configuration.  In
regards to construction, if a device uses a very small
diameter rope, say 16 mm (5/8 in.), initially consider
a construction such as 6x7.  If  a device uses a
medium diameter rope, say 32 mm (1-1/4 in.),
initially consider a construction such as 6x19.  If  a
device uses a large diameter rope, say 64 mm (2-1/2
in.), initially consider a construction such as 6x37.  In
this way, a small rope would have relatively large
wires and large  rope would have relatively small
wires.  The wires tend to be relatively constant in size
through a large range of rope size.  The
characteristics of the wires in regards to abrasion and
corrosion would be similar. In regards to  strand
configuration, note that strands with a Warrington
Seale configuration have relatively small inner wires.
This configuration may be appropriate for a large
rope, say 52 mm (2 in.).  However, strands with a
Seale  configuration, have relatively large inner wires

26 mm (1 in.).  Again, but to a lesser extent, the wires
tend to be relatively constant in size through a range
of rope size.  Finally, note that the Filler Wire strand
configuration is not applicable for rope for gate-
lifting devices.  This is because its filler wires are so
relatively small, that even in very large ropes, their
absolute size is too small.  The small wires are
unsatisfactory because of corrosion concerns.

2-2.  Lay

a. Designation method.  The lay of a wire rope is
designated by direction and type (Figure 2-7).  Direc-
tion is right or left according to how the strands have
been laid around the core.  The lay type is either
regular or lang, depending on whether the wires in
the strands are laid in the opposite direction of the
strands or the same direction as the strands.

b. Right versus left lay.  Right lay rope is
standard. If lay direction is not designated, right lay
i s
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Figure 2-7.   Direction and type of lay:  (a) right regular
lay, (b) left regular lay, (c) right lang lay, and (d) left lang
lay

Figure 2-8.   The difference in wear characteristics of
lang lay and regular lay ropes

Figure 2-9.   Wire direction of lang versus regular lay
rope

Figure 2-10.   Bearing/wear areas of lang lay versus
regular lay rope

drum.  If the correct lay is not used in this case, the
rope will not wind smoothly against its previous wrap.

c. Regular lay versus lang lay.  The wires in
regular lay wire rope appear to line up with the axis of
the rope.  In contrast, the wires in lang lay wire rope
appear to form an angle with the axis of the rope.
Regular lay wire rope is used for the widest range of
applications.  It has a somewhat better resistance to
crushing than lang lay wire rope and does not rotate as
severely under load when used in an application where
either end of the rope is not fixed.  Lang lay wire rope
has two important advantages.  It has better resistance
to both fatigue and abrasive wear.  Lang lay rope has a
longer exposed length of exterior wires.  Bending of
lang lay rope results in less axial bending of the outer
wire,  but  greater  torsional flexure. Overall, lang lay
wire rope displays a 15 to 20 percent superiority
in service life over regular lay when bending is
the principal factor affecting service life.  Also,
because of the longer exposed length of the exterior
wires, the ropes are exposed to less pressure which
decreases the rate of abrasive wear on wires, drums,
and sheaves (Figures 2-8 through 2-10).  There is no
difference in breaking strength between lang and
regular lay rope. the regular lay type.  However, many installations

d. Rope lay in Corps applications.  Most of the replacement should be considered for any regular lay
wire rope used for Corps gate-operating devices is of wire rope which has failed due to wear or fatigue.

would be better served with lang lay ropes.  A lang lay
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Figure 2-11.   Compacted strand wire rope cross
sections

Figure 2-12.   Compacted wire rope cross sections

Figure 2-13.   Flattened strand wire rope cross sections

Lang lay wire rope is potentially more prone to
kinking and underlaying or opening up.  Therefore, a
rope tensioning device such as a turnbuckle may be
appropriate on gates where lang lay ropes are used.

2-3.  Special Shaping of Ropes/Strands

a. General.  Manufacturers vary rope from the
standard round wire and round strand configurations
to enhance some of its properties.  The variations
covered in this section are (1) compacted strand wire
rope, (2) swaged (compacted) wire rope, and (3) flat-
tened strand (triangular) wire rope (Figures 2-11
through 2-13).  Manufacturers should be consulted
when specifying specially shaped rope to verify that
all the characteristics of the special shape are consis-
tent with the needs of the application.

b. Compacted strand wire rope.  Compacted
strand wire rope is manufactured from strands which
have been reduced in diameter by one of several
swaging processes.  The outer surfaces of the outer
strand wires are flattened and the internal wires are no

longer round.  Compared to a standard wire rope of
the same diameter, a rope of the compacted strand
configuration has a greater cross-sectional area of
metal.  This results in higher strength and less
resistance to fatigue.  It has a smoother surface which
makes it more abrasion resistant, but it is less
corrosion resistant for two reasons. First, its smoother
surface is less able to hold lubrication.  Second, the
swaging process used to form the strands is not
compatible with stainless steel, which is the material
of choice for corrosion resistance.

c. Swaged (compacted) wire rope.  A standard
IWRC wire rope is used to form compacted wire rope.
Its entire cross section is reduced in diameter, usually
by rotary swaging.  Compared to a standard wire rope
of the same diameter, it has a greater cross-sectional
area of metal and flatter wires on the outer surface.
The smooth outer surface provides good wear
resistance.  It is also stronger and more resistant to
crushing, but fatigue life is reduced by the compacting
process.  Like compacted strand rope, it is less
corrosion resistant for the same reasons.

d. Flattened (triangular) strand wire rope.
Flattened strand wire rope features strands which are
triangular in shape.  The center of the strands consist
of either a triangular-shaped wire or of wires laid in a
triangular configuration.  Compared to a standard wire
rope of the same diameter, it has a greater cross-
sectional area of metal and an increased bearing
surface.  Strength, abrasion resistance, and resistance
to crushing are enhanced with the flattened strand
configuration.  Fatigue resistance is unaffected.
Flattened strand wire rope can be obtained with either
FC or IWRC and is usually furnished in lang
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lay.  This variation is compatible with stainless steel, other equipment rapidly corrode.  See Sections 3-2,
which makes it the most useful of the special shapes “Materials/Coatings and 7-6, “Cathodic Protection.”
for gate-operating devices.

2-4.  Flat Rope

A number of older Corps installations use flat wire
rope for gate-operating devices.  Flat rope is always
layered over its drum and has generally provided
satisfactory service.  However, it is expensive to
manufacture and requires a long lead time.  Expertise
in fabricating flat rope is no longer available.  When
flat rope is retired, it is normally replaced with round
rope, along with modifications to  the hoisting
equipment.  See Section 5-3, “Availability/Cost.”

2-5.  Wire Materials

a. Steels.

(1) Carbon steels.  The grades of carbon steel wire
rope are Traction Steel (TS), Plow Steel (PS),
Improved Plow Steel (IPS), Extra Improved Plow
Steel (EIPS), and Extra Extra Improved Plow Steel
(EEIPS).  Of these, only EIPS and EEIPS are normally
specified for gate-operating devices.  TS is normally
used for elevators.  PS and IPS ropes are nearly
obsolete and are seldom stocked or fabricated by
manufacturers.  EIPS is much stronger than TS and
has similar toughness.  EIPS carbon steel rope is
stronger than the stainless steels and has better
resistance to abrasive wear.

(2) Stainless steels.  Of the stainless steels
available, only types 302 and 304 have been used
regularly on gate-operating devices.  Any other stain-2-6.  Core Materials
less steels would be experimental.  A 10 to 15 percent
loss of strength is typical compared to the IPS and
better carbon steels.  Stainless steels are not as
resistant to abrasive wear and are susceptible to
galling when layered over sheaves.  Since they are
not magnetic, inspection by the electromagnetic
(non-destructive) method is not possible.  The
stainless steels are many times more corrosion
resistant than the carbon.  However, it is important to
note that the stainless steels have a different galvanic
potential than the carbon steels.  When using stainless
steel rope, it is possible to set up a galvanic corrosion
cell in which carbon steel sockets, rope fittings, or

b. Brass/bronze/monel.  The non-ferrous metals
are more corrosion resistant in salt water than the
steels but are susceptible to rapid abrasion.  They
would rarely be applicable for Corps of Engineers
gate-operating devices.

c. Kevlar.  At Corps installations where the water
has proven to be very corrosive to the submerged
portions of wire ropes,  Kevlar replacement ropes have
given satisfactory results.  Kevlar's properties are very
different from steel for abrasion resistance, crushing
resistance, and elasticity.  Kevlar wires are very
susceptible to abrasion damage and they must be
protected with a jacket, usually of a polyethylene
material.  The jacket reduces the usable cross section
of the rope, but a jacketed Kevlar rope has about the
same breaking strength as a stainless steel rope of the
same diameter.  This strength makes it possible to
attain normal factors of safety with Kevlar
replacement ropes.  Because of the jacket, inspection
is difficult compared to bare metal wire rope.
However, a change in appearance does occur prior to
failure.  Kevlar rope, when used with multiple layered
type drums soon crushes from a round shape to an
almost square shape, but does not lose its integrity.
Kevlar rope stretches about two times as much as steel
under a full load.  Therefore, it stores more energy and
a rope breakage will release more energy. A higher
degree of personnel protection should be considered
where Kevlar rope is used. (See Appendix F for
information on Kevlar rope.)

a. General.  As previously stated, wire rope
consists of multi-wire strands laid helically around a
central core.  The core contributes very significantly to
the overall properties of the rope.  There are two types
of cores, Fiber Core (FC) and Independent Wire Rope
Core (IWRC).

b. Fiber core (FC).  The core in FC wire rope
provides no real strength for either crushing or
tension.  The fiber tends to dampen out vibration, an
advantage for some applications, such as elevators.
FC is more flexible than IWRC, but flattens under
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load, inhibiting the free internal adjustment of the possible to zinc-coat a rope after weaving.  A rope
wires, which increases stresses.  In the past it was galvanized in this manner would have no reduction in
thought that its core had a significant lubricant holding strength compared to one of bare steel.  Either of the
ability.  That is not presently considered a real last two galvanizing methods would be preferable to
advantage.  FC wire rope is not well suited for gate- the first for gate-operating devices.  Galvanized carbon
lifting devices. steel rope is generally very corrosion resistant

c. Independent wire rope core (IWRC).  The zinc coating disappears.  Rate of zinc loss can be very
advantages of IWRC are its strength in tension and its high in industrial areas because of airborne pollution.
resistance to crushing.  Its only disadvantage is Galvanized rope is much lower in cost than stainless
decreased flexibility.  Since bending around drums steel (See Section 5-3, “Availability/Cost”).  It is also
and sheaves at high loads is required for most gate- stronger than stainless steel if manufactured from
operating devices, IWRC wire rope is generally drawn galvanized rope wire.  In addition, it is less
preferred for these applications. susceptible to damage from nicks and does not have

2-7.  Coating/Filling/Plating

a. General.  In general, galvanized carbon steel
rope is the only plated, filled, or coated metal rope This section presents information on various rope
suitable for gate-operating devices at Corps manufacturing processes.
installations.  The plastic-filled and plastic-coated
ropes have certain disadvantages in regards to a. Stress relief.  Newly woven wire rope is
corrosion and inspection. normally run through molten lead to relieve stresses in

b. Plastic-filled.  Plastic-filling helps prevent preforming, and swaging processes.  If not stress
abrasion as the individual wires move relative to each relieved, the fatigue life of the rope is shortened.
other.  However, concentrated corrosion cells will
form at the exposed wires in a wet environment b. Pre-stretching.  Wire rope normally stretches
making plastic-filled rope unsatisfactory for gate- more rapidly when new than it does as it ages.  Pre-
operating devices. stretching is an operation which takes most of the

c. Plastic-coated.  Plastic-coated rope is difficult lished economically if performed in conjunction with
to inspect.  Also, the coating soon wears off making it socketing. Pre-stretching is recommended for installa-
similar to a plastic-filled rope. tions with multi-rope drums, where the ropes need

d. Galvanized steel.  Galvanized carbon steel rope performed, the ropes may tend to stretch unequally in
can be manufactured in several ways.  It can be use and may need to be periodically re-adjusted.  See
weaved from either galvanized rope wire or from Sections 6-3, “Installation” and 4-7, “Rope Length/
drawn galvanized rope wire.  Galvanized rope wire is Stretch.”  The normally accepted procedure for pre-
zinc-coated to the finished diameter by either the hot stretching wire rope is as follows.  The rope is
dip process or by the electro-deposition process.  Since subjected to three cycles of tensile loading to
the diameter of the steel wire is reduced, and the zinc 40 percent of its nominal strength.  The 40 percent
has little strength, a wire rope galvanized in this loads are held for 5 minutes with 5 percent loads
manner has about a 10 percent reduction in strength between cycles.  There is no standard yet established
compared to one of bare steel.  Drawn galvanized rope for dynamic pre-stretching, but there may be in the
wire is zinc-coated, by either the hot dip process or by future.  This has been performed by tensioning a rope
the electro-deposition process, before its last drawing at 20 percent of its nominal strength while operating
operation.  A wire rope galvanized in this manner has over pulleys.  This process appears to be difficult to
the same strength as one of bare steel.  It is also specify, but it may be an option to consider.

compared to bare carbon steel rope, at least until the

the galling problems of stainless steel.

2-8.  Manufacturing

the wires resulting from the various drawing,

initial stretching out of the rope.  It can be accomp-

adjustment for equal tension.  If pre-stretching is not
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c. Weaving.  The whole weaving process is procedures for strength testing rope wires for ductility
somewhat of an art as far as wire shaping, preforming, (torsion) are included in Appendix C.  Note that the
determining the exact wire sizes and spool rotation, cost of a rope may increase if the wires are required to
and performing welding methods.  Including weaving have both a minimum strength and a minimum
criteria in specifications may be very difficult. ductility.

d. Blending wires.  Manufacturers occasionally
mix stronger wires in with weaker wires (in the same e. Preforming.  Almost all wire rope sold in the
rope) in order to meet minimum acceptance strength United States have preformed wires.  Preforming
requirements.  This is common and usually does not methods differ with different manufacturers.  Preform-
present a problem to the buyer.  Although the resulting ing is normally performed, even if not specified by the
blend meets the required strength criteria, the stronger buyer.  It should be included as a requirement in the
wires may be less fatigue resistant than the weaker rope specifications.  Wire rope without preformed
ones and may potentially cause the rope to degrade wires has tendency to unravel, especially if any
faster if its prime failure mode is fatigue.  If the wire individual wires break.  Rope with preformed wires
properties are more uniform, that is, if they are of the has greater flexibility, and it spools more uniformly on
same strength and meet a minimum ductility a drum.  Preforming also provides a better distribution
requirement, the potential of a fatigue failure may be of the load to every wire which improves fatigue
postponed, increasing service life.  Standard resistance and flexibility.
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Figure 3-1.  A swaged socket: Like speltered sockets,
they can develop 100 percent of rope strength

Figure 3-2.  A speltered socket:  This type socket can
develop 100 percent of the strength of a wire rope

Chapter 3
Sockets and End Terminations

Sockets and end terminations are of great importance
in regards to efficiently transferring force from the
drum, through the wire rope, and to the gate.  They
can have a significant effect on the service life of a
rope.  Each type of socket or termination has its
individual characteristics, and one type will usually fit
a given installation better than the others.  Their
strength varies and not all will develop the full
strength of the rope (See Section 4-5, “Factor of
Safety”).  This chapter presents various sockets, drum
terminations, and miscellaneous terminations along
with information on cutting and splicing wire rope.
This chapter also presents information on the option
of using two-piece ropes.

3-1.  Sockets

a. General.  Sockets are normally used at the gate
end of a wire rope, and they must develop 100 percent
of the strength of the rope.  It should be noted that
sockets are not normally reused.

b. Swaged sockets.  Swaged sockets are
mechanically pressed onto wire rope (Figure 3-1).
They are occasionally used for gate-operating devices.
If properly designed and attached, they can develop
100 percent of the strength of the rope.  Note that
swaged sockets are not suitable for lang lay rope, nor
are they suitable for ropes with a fiber core.

c. Speltered sockets.  Speltered (or poured)
sockets are attached to wire rope with zinc or resin
(Figure 3-2).  They are normally specified for the gate
end of a rope.  They are best where the rope is in
straight tension, that is, where the load does not touch
the rope (Figure 3-3). Both zinc-filled and resin-filled
sockets develop 100 percent of the strength of the
rope if attached correctly.  In fact, speltered sockets
are normally used for wire rope strength testing.  Zinc
fill is the old standard.  However, epoxy fill appears
to be better in almost every respect. Also, it is
recommended that speltered sockets be proof loaded
prior to use.
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Figure 3-3.  Wire rope should be in straight tension out
of a socket: (a) correct - socket can rotate, and
(b) incorrect - rope is required to bend

Figure 3-4.  Drum anchorages featuring clamps will
develop 100 percent the strength of the rope, if two or
preferably three dead wraps are made

d. Installation.  It is recommended that swaged
and speltered sockets be attached at the rope manu-
facturer's facilities.  Swaged sockets are frequently
installed by the rope manufacturer as qualified
personnel, proper dies, and heavy hydraulic presses
are required.  A great deal of expertise is needed for
attaching both swaged sockets and speltered sockets.
The rope must be well aligned with the socket and the
rope strands must have uniform tension.  In attaching
speltered sockets, cleaning before pouring zinc or
epoxy can be difficult in the field.  Poor cleaning can
result in a weak socket.  Also, the proof loading with
sockets in place prior to use is more readily
accomplished at a rope manufacturer's facilities.
Although socketing is best left to experts, note that
socketing information is presented in the Wire Rope
Users Manual.  Also note that some sockets for gate-
lifting devices are a custom design.  

3-2.  Materials/Coatings

If swaged or speltered sockets and their ropes are of
dissimilar materials, and are located under water or in
wet environments, they will likely fail from galvanic
corrosion.  The designer/specifier must consider
materials and coatings in regard to selection of the
sockets for wire rope.  It is important that the socket
and spelter material are galvanically compatible with
the rope.  That is, they all need to have approximately
the same galvanic potential.  A stainless steel rope

attached to an epoxy-filled speltered socket of a
compatible stainless steel width would be ideal, as
would a galvanized rope attached to a galvanized steel
speltered socket.  Coatings can be used to protect the
more reactive element of the rope/socket combination
but are not recommended.  Sockets can be coated with
insulating materials, either on the inside for galvanic
isolation from the rope or on the outside for
protection from the environment.  However, coatings
are susceptible to problems from poor installation and
damage from nicks, cuts, and wear.  Additionally the
designer/specifier should consider the materials for
pulleys or gate areas in contact with the rope.  A
submerged carbon steel pulley in contact with a
stainless steel rope will probably pit, and may cause
significant abrasive wear to occur on the rope.

3-3.  Drum and Miscellaneous Terminations

a. Drum anchorages.   Most drum anchorages for
gate-operating devices feature bolt-on-clamps or
wedge-type sockets.  They are usually designed by the
drum/equipment manufacturer.  Alone, their
efficiency may not be as high as required, but in
combination with at least two dead wraps of the rope,
and preferably three, they should develop 100 percent
of the strength of the rope (Figure 3-4).  This is true
for grooved, plain, and multiple layered drums
(Appendix D).



EM 1110-2-3200
30 Sep 98

3-3

Figure 3-5.  A clamped termination

b. Miscellaneous terminations.  There are a cutters and shears commercially available which are
number of end terminations which are less efficient specifically designed to cut wire rope.  Although it is
than swaged sockets, speltered sockets, and drum a common practice, wire rope should not be cut with a
anchorages.  They include clamps, clips, wedge torch. 
sockets, etc.  Their use on gate-operating devices is
not recommended because of their lower efficiencies, d. Splicing.  Splicing is not a recommended
which generally range between 70 and 80 percent practice for gate-operating devices.  The efficiency of
(Figure 3-5 and Section 4-5, “Factor of Safety”). a spliced rope is likely to be very low.  Information on
Also note that most of these type fittings should not splicing is given in the Wire Rope Users Manual.
be reused as a rope's wires will swage into their metal
mating surfaces.  They only provide the proper rope
grip during the first use.

3-4.  Seizing/Cutting/Splicing

a. General.  Seizing, cutting, and splicing wire Another option would be to make the short piece of
rope, except at the rope manufacturer's facilities, is stainless steel.  This would provide a longer service
discouraged.  This is especially true for splicing. life at a lower overall cost than a one-piece stainless
However, there may be times these procedures must steel wire rope.  It is recommended the connection
be performed in the field. between the two ropes be designed for replacement

b. Seizing.  Proper seizing is required prior to drum.  It is also recommended the upper rope section
cutting wire rope.  The seizing must be placed on each be long enough so the connection does not contact the
side of the cut.  Failure to adequately seize a rope will drum or sheaves when the gate is in the fully open
result in problems such as loosened strands, distorted position.  Purchasing more than one gate-end rope per
and flattened ends, and eventual uneven load drum-end rope should be considered.  The major
distribution.  Information on methods of seizing is disadvantage to the two-piece rope concept would be
given in the Wire Rope Users Manual. the cost for extra sockets and socketing.

c. Cutting.  Cutting is reasonably simple if the
proper tools are used.  There are several types of

3-5.  Two-Piece Ropes

There are potential benefits for using two-piece ropes
for some applications.  For example, an existing
carbon steel wire rope on a gate-lifting device may
occasionally or usually be submerged at its gate end.
The gate end will normally corrode severely, but the
rest of the rope will not.  The existing one-piece rope
could be replaced with a two-piece rope.  The longer
upper section would be attached to the drum.  It
would always be above the water line, and would
provide a long service life even if made of carbon
steel.  A shorter section would be used for the gate
end.  If the shorter section could be made of carbon
steel, it would be replaced often, but at a much lower
cost than replacing the previous one-piece rope.

without having to re-socket the rope attached to the



EM 1110-2-3200
30 Sep 98

4-1

Figure 4-1.  Drum types:  (a) smooth, (b) grooved,  and
(c) disk-layered

Chapter 4
Optimum Design

The following six properties must be considered when
selecting a wire rope:

a. Rresistance to breaking.

b. Resistance to fatigue.

c. Resistance to abrasive wear.

d. Resistance to crushing.

e. Resistance to corrosion.

f. Reserve strength.

This chapter contains information that will help the
designer/specifier evaluate each property to obtain an
optimum design.

4-1.  Service Conditions and Failure Modes

All wire rope in permanent service will eventually fail.
Its mode of failure depends on the conditions under
which it operates.  Gate-operating devices at Corps
facilities use various combinations of different types
of drums, sheaves, and guides.  The gates that the
devices operate are located over a wide geographical
area in differing environments.  Rope service
conditions as determined by the design of the rope
handling equipment, the frequency of use, and the
environment vary greatly.  This section presents
general information on rope service conditions, failure
modes, and additional considerations for selecting
new or replacement rope.

a. Rope handling equipment.

(1) Drums.  Mechanically operated gate-operating
devices generally use grooved, smooth, or disk-layered
cylindrical drums to transmit power to the wire rope
(Figure 4-1). The grooved type drum provides the best
conditions for the rope since the grooves prevent the
rope from rubbing against itself.  However, for good
service life, the pitch and diameter of the grooves, the
fleet angle, the anchoring system, and the nominal

diameter of the drum must all be correct for the size
and type of rope.  The plain type drum requires the
rope to wind tightly against the preceding wrap
causing the rope to abrade against itself.  The disk-
layered type drum requires the rope to be wrapped
over itself in multiple layers.  The rope is exposed to a
much higher level of crushing and abrasion.  A
number of older Corps facilities have devices which
use flat rope which always uses disk-layered drums.

(2) Sheaves and rollers.  Some gate-operating
devices use sheaves to multiply rope force or guides
to change direction.  Sheaves can be single or
multiple on a single shaft.  The layout and the type of
bearings they use (plain or roller) determine the rope
tension required to lift a given load (Section 4-2,
“Calculating Load”).  Sheave diameter, groove
diameter, and condition all effect the wire rope rate of
wear and fatigue.  Cylindrical roller guides are also
occasionally used on gate-operating devices.  As with
sheaves, their nominal diameter, groove diameter, and
condition affect rope wear and fatigue.

b. Rope failure modes.  A wire rope typically
experiences any one or a combination of corrosion,
fatigue, abrasive wear, and excessive stress.  The
following sub-paragraphs comment on each condition.

(1) Corrosion.  The Corps has some facilities with
gates which are not operated during normal
hydrologic years, except when “exercised” for
operation and maintenance (O&M) purposes.  Fatigue
and abrasive wear of the wire ropes is of little
concern.  The eventual expected failure mode at these
facilities would normally be corrosion.  There are also
projects where corrosion, fatigue, and abrasion are all
a concern.  The prime failure mode depends on the
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type of wire rope selected.  Corrosive environments Excessive abrasion can be caused by the sheave or
include:  drum being of too soft of a material, or having too

(a) Submersion in fresh water, which may contain much rope pressure, an improper groove diameter, or
damaging substances such as chlorides, nitrates, an improper fleet angle.  Movement of rope against
calcium carbonates, bacteria, etc.  Rope wires may be roller guides can cause excessive abrasion.  Improper
exposed to oxygen depleted areas, biological attack, tensioning can allow rope to rub against metal or con-
and galvanic currents. crete structures.  Wire rope featuring lang lay con-

(b) Exposure to damp atmosphere either reducing abrasive wear (Sections 2-1, “Classifica-
continuously or periodically, including rope in tion,” 4-6, “Service Life,” 4-8, “Bending Radii,” and
storage, with a potential for fungal induced corrosion. 7-3, “Lubrication”).

(c) Exposure to airborne salt.  Galvanized carbon (4) Excessive stress.  Excessive stress in Corps
steel, stainless steel, and Kevlar ropes have been used applications has generally resulted from attempted
for their resistance to corrosion.  Lubrication can have operation when a gate is inoperable because of ice
either positive or negative effects (Section 2-5, “Wire and debris or gate misalignment.  To some extent,
Materials” and Section 7-3, “Lubrication”). safety devices to limit rope tension can reduce the

(2) Fatigue.  Fatigue usually results from contact Removal”).  Excessive stress can  result from
with sheaves and drums.  Rope moving over drums, improper tensioning in a device using multiple ropes
sheaves, and rollers is subjected to cyclic bending (Section 6-3, “Installation” ).
stresses.  Stress magnitude depends on the ratio of the
tread diameters of the drums and sheaves to the a. Additional considerations. The wire rope at
diameter of the rope.  Fatigue is also affected by existing Corps installations will eventually need to be
lubrication and the condition of the surface over which replaced.  The retired rope and fittings should be
the rope is bending.  In order to bend around a sheave, inspected and analyzed to determine the prime
the strands and wires of a rope must move relative to distress mode (fatigue, abrasive wear, corrosion, or
one another.  This movement compensates for the excessive stress).  U.S. Army Construction
difference in diameter between the underside and top Engineering Research Laboratories (CERL) can
side of the rope.  Lack of rope lubrication or excessive provide assistance in this determination.  This should
pressure caused by too small of groove diameter limits be considered in the selection of the replacement rope
wire slip.  This increases bending and fatigue.  Some and fittings to provide the most cost effective service
devices require rope to change bending direction from life.  Existing equipment modifications or
drum to sheave, or from one sheave to another. replacement should be considered in the initial
Reverse bending further accelerates wire fatigue. screening of options when considering wire rope
Wire rope featuring lang lay construction and small replacement.  The existing design or the condition of
wires tends to be effective in reducing fatigue (Sec- the existing equipment may not allow the service life
tions 2-1, “Classification,” 4-6, “Service Life,” 4-8, desired from any replacement rope.  For example:
“Bending Radii,” and 7-3, “Lubrication”).

(3) Abrasive wear.  Wear from abrasion, like worn that new rope is quickly abraded.
fatigue, normally results from contact with sheaves
and drums.  Wire rope, when loaded, stretches much (2) Sheave or drum diameters may be too small
like a coil spring.  When bent over a sheave, its load- for the rope required for the load, resulting in a quick
induced stretch causes it to rub against the groove.  As fatigue failure of the rope.
a result, both the rope and groove are subject to
abrasion.  Within the rope, wires and strands move (3) There can be a significant decrease in rope
relative to each other, and additional abrasion occurs. tension if sheaves with plain bearings are replaced

small of a tread diameter.  Other factors include too

struction and large wires tends to be effective in

probability of a failure (Section 7-4, “Ice and Debris

(1) The existing drums and sheaves may be so
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Figure 4-2.  Various drum and sheave arrangements: (a) An 8-part sheave, (b) A 12-part sheave, and (c) A 10-part
sheave.  The part-number is determined by counting the number of supporting ropes

with roller bearings.  This modification could allow b. Dynamic load.  The dynamic load (movement
the replacement of an improved plow steel rope with a conditions lifting) can be significantly greater than
lower strength stainless steel rope, yet the factor of static load.  Rope selection is based on dynamic load.
safety could be satisfactory and the rope would have A portion of a rope’s tension is lost as it flexes over
much better corrosion characteristics. sheaves and overcomes the friction in the sheave

Finally, replacing equipment using wire rope with single- and multiple-sheave block tackles are given in
equipment using chains, gears, or other machinery Figure 4-3.  Compare the static versus dynamic rope
may be the best option. tension for  a sheave with ten supporting ropes and

plain bearings.  The static tension is 0.100 of the load.

4-2.  Calculating Rope Load

The following sections include information on sheaves
and loads due to bending which must be considered in
calculation of rope load for a gate-operating device.  A
sample problem is included in Appendix J which
includes a number of other factors which must also be
considered.

4-3.  Sheaves

a. Static load.  The static load (no movement
conditions) for various single- and multiple-sheave
block tackles is calculated by dividing the total load
by the part-number (number of supporting ropes) of
the sheave (Figure 4-2).  However, note that rope
selection is not based on static load.

bearings.  The dynamic load factors for various

The dynamic tension is 0.156 of the load.  In this
case, the dynamic rope tension is over 50 percent
greater than the static rope tension.

c. Plain versus roller bearings.  Dynamic loads
for sheaves with roller bearings can be significantly
less than for sheaves with plain bearings. For
example; compare a 10-part sheave with plain
bearings to a 10-part sheave with roller bearings.
Their respective rope tensions are 0.156 and 0.123 of
the load.  The plain bearing sheave system requires its
rope to be subjected to 27 percent greater tension. The
large difference between plain and roller bearings
should be noted.  If the plain bearing sheaves for this
example were replaced with roller bearing sheaves, a
stainless steel rope (with a 10 percent lower strength)
could be substituted and have a higher factor of safety
than the original rope (Appendix J).
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Figure 4-3.  The table presents dynamic rope tension as
a portion of load for sheaves with various numbers of
supporting ropes. Note that parts-of-line, part-number,
and the number of supporting ropes are the same

Figure 4-4.  Relative service life versus factor of safety

4-4.  Nominal Strength

Nominal strength is the industry accepted breaking have a FOS of at least 3.0.  The FOS in this case would
strength for a wire rope.  Nominal strengths for be based on static load and nominal rope strength.
various wire ropes are given in Appendix C.  They
should be used when making design calculations.  A c. Efficiency reductions for sheaves and pins.  A
minimum acceptance strength 2-1/2 percent lower rope passing over a curved surface, such as a sheave or
than the published nominal strength has been a pin, is reduced in strength (or efficiency).  The
established as the industry tolerance for testing reduction depends on the severity of the bend.
purposes.  This tolerance serves to offset variables that Figure 4-5 indicates the efficiency losses for rope
occur during sample preparation and the actual bending over sheaves or pins.  Efficiency reductions
physical test of the wire rope.

4-5.  Factor of Safety

a. Dynamic loaded ropes.  The factor of safety
(FOS) for a dynamic loaded rope on a new Corps
gate-operating device should be at least 5, based on
nominal strength, the part-number, and the dynamic
load.  A higher FOS may be justified for an installation
where many loading cycles are anticipated and fatigue
is a concern.  Service life will be longer for a rope with
a higher FOS (Figure 4-4).  For rope replacement, the
same FOS guidelines are recommended.  However, the
FOS may not be the most important criteria for
selection of replacement rope.  Current criteria calls for
motor stall torque on Corps gate-operating devices to
be 0.700 of the nominal strength of the wire rope.
However, it may not always be possible to select
replacement wire rope which meets the existing
criteria.  For those devices a strain gauge “trip-out”
could be installed to shut down the motor in case of an
overload for protection of the rope.

b. Static loads.  Some ropes are used for locating or
stationing parts of the devices.  These ropes should
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Figure 4-5.  The reduction in efficiency of a wire rope
bent over a pin or sheave varies with the ratio of the
rope diameter (d) compared to the sheave or pin
diameter (D)

Figure 4-6.  Number of outside wires versus reserve
strength for 6-, 7-, and 8-strand wire rope

Figure 4-7.  Constructional stretch for various rope
constructions

for sheaves and pins must be considered in
determining its FOS.

d. Terminal efficiencies.  End terminations must installations (Section 7-2, “Retirement”).
develop the full strength of the rope.  Also see
Sections 3-1, “Sockets” and 3-3, “Drum and
Miscellaneous Terminations” and Appendix D.

e. Reserve strength.  The calculated FOS of a
new wire rope may be fairly accurate compared to its
actual FOS.  However, as the rope is used abrasion
and fatigue, particularly at the ropes outer wires,
reduce its strength.  The term reserve strength defines
the combined strength of only a wire rope’s inner
wires that tend to be less affected by abrasion and
fatigue (Figure 4-6).  Consider a 6x31 classification
rope which has 12 outside wires.  The inner wires only
have a reserve strength of 43 percent.  Such a rope
with an original FOS of 5 in a severely worn condition
would have a much lower FOS since the outer wires
have 57 percent of the rope’s strength. 

4-6.  Service Life

As stated earlier, wire rope used in Corps gate-
operating devices experiences corrosion, fatigue,
and/or abrasion.  Excessive stress should not occur.
Corrosion, fatigue, and abrasion are distress modes
that progress with time and/or use.  At an existing
installation it may be possible to predict service life
for a replacement rope with some accuracy if the
service life of an old rope in the same application is
known.  For a new installation, service can be

predicted from experience gained on similar existing

4-7.  Rope Length/Stretch

a. General.  This section discusses two types of rope
elongation, constructional stretch, which occur during
the early life of the rope, and elastic stretch which is
dependent on the rope’s loading.  Both are pertinent to
determining the length of the rope.

b. Constructional stretch. When a load is applied to
a new wire rope, the rope’s diameter decreases and its
length increases.  The amount of this stretch is
influenced by a rope’s construction and material.  FC
ropes stretch more than IWRC ropes because a fiber
core compresses more than a steel core. (Figure 4-7).
Constructional stretch generally ceases at an early stage
in the life of a rope.  The constructional stretch of
individual ropes in multi-rope drums vary.  This
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Figure 4-8.  Elastic stretch equation

Figure 4-9.  Approximate metal areas of 26 mm (1-in.)
wire rope of various constructions

Figure 4-10.  Approximate modulus of elasticity for
various wire rope classifications

may require much tensioning effort to equalize the
load.  Pre-stretching is a practical and inexpensive
way to reduce constructional stretch (Section 2-8,
“Manufacturing”).  Constructional stretch must be
considered when specifying rope length and for design
of adjustment mechanisms on operating devices.

c. Elastic stretch.  It is necessary to know the
elastic stretch of a wire rope to specify its length.
Elastic stretch is the recoverable deformation of the
metal itself.  It is dependent on the rope’s metal area
and the modulus of elasticity of the metal. A
reasonable approximation can be made using the
equation and information in Figures 4-8 through 4-10.
Rather than calculating elastic stretch, wire rope can
be measured under tension at the manufacturing
facility and socketed for a more accurate length.

d. Adjustable fittings.  Adjustable fittings such as
turnbuckles should be considered if tensioning is
required.  It is important to allow sufficient adjustment
length to tighten the rope (as opposed to loosening).

4-8.  Bending Radii

Wire rope operating over sheaves and drums is
subjected to cyclic bending stresses.  The magnitude of
bending stresses are dependent on the ratio of the
diameter of the sheave or drum to the diameter of the
rope.  It is difficult to identify the sheave or drum size
most economical for a particular installation.  However,
it is generally best to not use drums or sheaves smaller
than recommended by the manufacturer or smaller than
given in Figure 4-11.  Figure 4-12 indicates how
service life is affected by the bending a rope is
subjected to.

4-9.  Bearing Pressure

Excessive wear is most often caused by a combination
of rope load which is too high, a drum material which
is too soft, or drum and sheave tread diameters which
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Figure 4-11.  Acceptable values for the D/d ratio (where
D = sheave or drum diameter and d = rope diameter)

Figure 4-12.  Service life of wire rope will vary with
bending radii

Figure 4-13.  Rope Bearing Pressure

are too small.  Unit radial pressure between the rope
and grooves (as calculated in Figure 4-13) represent the
first and last factors.  Allowable unit radial pressure for
drums and sheaves varies with material (Figure 4-14).
Note that the materials listed in the table are available
in a wide range of hardness, so the pressure values will
vary.  Note also, that if the allowable radial pressure is
exceeded, the drum or sheave's grooves will wear
rapidly, eventually causing accelerated wear of the
rope.

4-10.  Fleet Angle

Fleet angle (Figure 4-15) must be within certain limits
for smooth winding on drums and to prevent wire rope
from crushing and abrading, either on itself or against
drum grooves.  The limits are 1/2 degree minimum to
1-1/2 degrees maximum for smooth drums and 1/2
degree minimum to 2 degrees maximum for grooved
drums.



EM 1110-2-3200
30 Sep 98

4-8

Figure 4-14.  Allowable rope bearing pressure for various sheave/drum materials

Figure 4-15.   This figure illustrates the definition of
“fleet angle”
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Chapter 5
Specifying Wire Rope

This chapter presents the standard nomenclature used
for ordering wire rope, and information on require-
ments necessary to specify wire rope for Corps of
Engineers gate-operating devices.  It also presents
information on availability and cost.

5-1.  Standard Nomenclature

Standard wire rope specification nomenclature  gives
the following rope requirements: length, direction and
type of lay, diameter, finish, classification, material,
preformed or non-preformed, and core type.

For example, a rope manufacturer would consider the
following description of a wire rope to be complete:

a. Metric: 152.3 M 38 mm 6x19 Seale pref RLL
Galv Improved Plow Steel IWRC.

b. English: 500 ft 1-1/2" 6x19 Seale pref RLL
Galv Improved Plow Steel IWRC.

5-2.   Additional Requirements

Additional requirements for wire rope that should be
considered for inclusion in the specifications:

a. Wire Strength and Ductility.  Manufacturers
occasionally blend stronger and weaker wires in one
rope which can have detrimental effects on its fatigue
resistance (See Section 2-8 “Manufacturing”). Test
procedures for strength and torsion (included in
Appendix C) assure that fatigue resistance will not
suffer because of this practice.

b. Rope tension test.  New wire rope should meet
the industry accepted nominal strengths.  However, it
is standard practice to require a rope tension test, to
failure, for verification that the expected performance
level has been met.  The procedure is as follows.  The
sample length is cut to not less than 0.91 m (3 ft) for
rope diameters between 3.2 mm (1/8 in.) and 77 mm
(3 in.).  The test is only considered valid if failure
occurs at least 51 mm (2 in.) from either the socket or

holding mechanism.  The relative speed between the
testing machine heads (while tensioning) is not
allowed to exceed 25 mm (1 in.) per minute.

c. Verification of preforming.  Preforming should
be specified for any steel wire rope for any gate-
operating device.  The standard test from Federal
Specification 410 to verify preforming is as follows.
First measure a rope’s diameter, then remove the
seizing at one end of the rope and again measure its
diameter.  The difference in diameters may not be
more than the values indicated in the table in
Appendix C.

d. Stress relief verification.  The standard
wrapping test from Federal Specification 410 verifies
that stress relief has been accomplished.  It applies to
rope with either bare steel or galvanized steel wires.
The procedure is as follows.  Rope wires are wrapped
in a helix about a mandrel for six complete turns,
followed by unwrapping.  No wires may break or
fracture.  The mandrel for bare and galvanized steel is
two times the diameter of the wire.

e. Weld distribution.  Welded (or brazed) wire
joints should not be any closer than 45.7 cm (18 in.) in
any strand.

f. Zinc coat test. Appendix C contains recom-
mendations on the amount of zinc required for effec-
tive corrosion control for wire rope.  It also contains a
test procedure from Federal Specification 410 for
determining the weight of the zinc coating on wire
rope.

g. Pre-stretching.  As explained in Section 2-8,
“Manufacturing,” this procedure is recommended for
installations with multi-rope drums.  The standard
procedure and a new dynamic procedure is discussed
in that paragraph.

h. Lubrication.  The designer/specifier must
decide if a lubricant will be used with the rope being
supplied, and if so, what type of lubricant is needed
(Section 7-3, “Lubrication”).  If a lubricant will be
used, having it applied at the rope manufacturer’s
facilities is recommended.  The manufacturer will
generally have equipment which can force the
lubricant into the core area of a rope. 
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Figure 5-1.   Relative cost data (per unit length) for wire
rope of various materials

Figure 5-2.   Relative cost data (per unit length) for wire
rope of various constructions

i. Pitch length.  A strand pitch of not less than 4-
1/2 times the nominal rope diameter is normally
required for the ropes used in gate-operating devices.

j. Attaching and proof-loading terminations.  As
discussed in Section 3-1, “Sockets,” it is recom-
mended that swaged and speltered sockets be attached
at the rope manufacturer’s facilities and also be proof
loaded prior to use.  Proof loading is normally at
200 percent of the expected load (operating gate) or
40 percent of the nominal strength of the rope.    It is
practical to perform the proof testing as a part of a
pre-stretching operation.  Manufacturers should be
consulted to decide if existing sockets can be reused.

k. Core wires (IWRC).  The number of wires
in the core strand should be equal to or greater
than the number of wires in the other strands.  The
wires should be of the same material as the wire in the
other stands or of a material with a lower tensile
strength.

l. Field acceptance.  The designer/specifier
should add several requirements as discussed in
Section 6-1, “Field Acceptance,” to be certain that the
rope purchased will be delivered and installed in good
condition.

5-3.  Availability/Cost

The cost and availability of the options must be
considered in the selection process.  For example,
sizes larger than 38 mm (1-1/2 in.), some
constructions, and most stainless steel rope are not
readily available off the shelf.  Extra delivery time
will likely be required for any special order rope.
Availability needs to be discussed with manufacturers
early in the selection process.  Also, quantities of
3,000 m (10,000 ft) and more are generally
required for a standard production run.  Runs for
smaller quantities will have higher prices per unit
length.  There is a fixed amount of waste for any run
due to normal production methods.  Flat and other
special shaped rope may not be available at any cost.
Figures 5-1 through 5-3 present relative cost data for
rope of various materials, types of construction, and
sizes.
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Nominal Rope Size

in. mm Relative Cost

1/2 13 .38

5/8 16 .47

3/4 19 .64

7/8 22 .82

1 26 1.00

1 1/8 29 1.20

1 1/4 32 1.43

1 3/8 35 1.72

1 1/2 38 2.06

1 5/8 42 2.47

1 3/4 45 2.92

1 7/8 48 3.33

2 51 3.78

2 1/8 54 4.34

2 1/4 57 4.97

2 3/8 60 5.43

2 1/2 64 5.88

Figure 5-3.   Relative cost data (per unit length) for wire
rope of various sizes

5-4  Buy American

The best wire rope has traditionally been and still is
manufactured in the U.S.  Note that all domestic made
rope is color coded within the strands with the specific
manufacturer’s colors for easy identification.
However, the number of major U.S. wire rope
manufacturers has decreased from more than one
dozen in 1975 to 5 in 1996.  A high portion of the wire
rope of foreign manufacture has given unsatisfactory
service.  Although some of the western European
countries have manufacturers which produce good
rope, buying foreign made rope is risky.  It is highly
recommended that wire rope for Corps gate-operating
devices be required to have been manufactured in the
U.S.  The contract specifications for this requirement
should conform to Part 25 of the Federal Acquisition
Regulations.
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Figure 6-1.   The diameter of a wire rope is defined as
the diameter of its circumscribing circle.  Six-strand
wire rope should be measured across each of the three
opposite strands and eight strand wire rope should be
measured across each of the four opposite strands. 
Special techniques must be used for measuring ropes
with an odd number of outer strands

Chapter 6
Field Acceptance and Installation

6-1.  Field Acceptance

a. Measurement of diameter. The diameter of a
wire rope must be measured prior to installation to
verify it is as specified and correct for its device, and
also to verify it is within the industry tolerance.  The
industry tolerances per the Wire Rope Technical
Board, for wire ropes over 8.0 mm (5/16 in.) are
-0 and +5 percent of nominal diameter.  Note that new
ropes are usually larger than their published
diameters, and as stated above, should never be
smaller.  Diameter shall be measured with the rope
loaded between 10 and 20 percent of nominal
strength.  Figure 6-1 indicates the proper method of
measuring diameter.

b. Damage inspection.  Upon receiving the wire
rope, it is important to inspect for damaged
packaging, dings, and kinks.  The inspection should
be scheduled with the supplier present.  A report of
the results should be made upon completion of the
inspection.

6-2.  Storage, Handling, and Unreeling

a. Long-term storage.  If wire rope must be stored
for long periods, it should be in a well-ventilated,
weatherproof building or storage shed.  If stored on

wooden spools in humid areas with low light and poor
air circulation, damage from microbiologically influ-
enced corrosion may occur.  Wire rope should never
be stored outdoors.

b. Handling/unreeling.  Wire rope is wound on
reels for shipping at the manufacturer’s facility in the
same direction as it bends during manufacturing.  This
bending direction is an inherent feature of the rope.  It
must be unreeled from its shipping reel and be
installed onto its equipment, only bending in this
same direction.  Reverse bending may cause the rope
to become “twisty.”  It is best to keep wire rope under
tension when handling to avoid it becoming looped.
Pulling on a loop may result in kinks, permanently
damaging the rope.  The Wire Rope Users Manual
recommends a number of techniques for wire rope
handling to avoid reverse bending and kinking.

6-3.  Installation

The following paragraphs present guidance on wire
rope installation.  Requirements for installation
should be presented in the specifications.  It is also
recommended that the specifications require an
installation plan as a submittal.

a. Field tensioning of multi-line hoists.  It is
important to achieve equal tensioning in a gate-
operating device which uses several ropes in parallel.
The rope(s) having the higher tension will carry more
load and are likely to wear and/or fatigue more
rapidly than the others.  When ropes are replaced, it is
recommended that all ropes be replaced.
Replacement of one or some of the ropes is not
generally practical for two reasons.  First, keeping the
old and new ropes in equal tension would be a
difficult.  The new ropes tend to stretch more quickly
than the old ropes, causing the old ropes to carry a
greater share of the total load.  Frequent tensioning
would be required to alleviate this problem.  Second,
when ropes are replaced piecemeal, installation costs
would be greater over the life of the project.
Appendix E includes information on the rope
tensioning devices.

b. Drum attachment.  Grooved, plain, and layered
drums each require the adherence to certain rules
when attaching/installing wire rope.
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(1) Grooved drums.  The rope must be wound gate-operating device.  The test link is normally
under adequate and continuous tension, and must mechanical.  This test verifies that the rope is not
follow the groove, or it will be cut and crushed where subjected to higher tension than intended.  Information
it crosses.  Two dead wraps are mandatory, and three on dynamometer test links is included in Appendix E.
are preferable.

(2) Plain drums.  The rope must be wound under the above procedures, it is best if wire rope is "broken
adequate and continuous tension, and each wrap must in.”  Ideally, a light load and a slow speed would be
be guided as close to the preceding wrap as possible, used while the operating device is cycled through a
so there are no gaps between turns.  Two dead wraps few operations.  However, in most gate-operating
are mandatory, and three are preferable. devices, both the load and speed are fixed.  The device

(3) Layered drums.  The rope must be wound personnel are stationed in positions to verify that the
under adequate and continuous tension.  Two dead rope runs freely through all drums, sheaves, and
wraps are mandatory, and three are preferable. guides.

c. Dynamometer tests.  A dynamometer test
monitors wire rope tension during operation of its

d. Break-in procedure.  In addition to following

should be cycled a few times while a number of
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Figure 7-1.   Rope life versus stretch

Chapter 7
Inspection, Maintenance, Retirement, Etc.

7-1.  Inspection

a. Frequency of inspection.  The frequency of
inspection required for wire rope at Corps facilities
varies considerably, depending on usage, the environ-
ment the rope is subjected to, and the lubrication
program.  The inspection program should be formu-
lated during the formulation of a project’s O&M
manuals. At some Corps facilities the gates are rarely
operated, and the ropes are of stainless steel, making
annual inspections adequate.  At other facilities, gates
are operated many times per day, and monthly
inspections may be appropriate.

b. Rope indicators.

(1) Diameter reduction.  The diameter of wire
rope reduces as it degrades from abrasion, corrosion,
inner wire breakage, stretch, etc.  A rope’s diameter
should be measured when new and periodically
throughout its life (at the same loading and in the
same areas).  A one-time comparison between a
rope’s measured diameter and its nominal diameter is
not a true indicator of its condition.  Measured
diameters must be recorded and kept for historical
reference. This procedure will typically show a rapid
initial reduction in the rope’s diameter followed by a
slower more linear reduction.  A sudden diameter
decrease marks core deterioration and indicates a
need for replacement.

(2) Stretch.  Before rope installation is
performed, a method should be devised to periodically
measure rope stretch (at the same loading).  Rope
stretch typically occurs in three distinct stages (Figure
7-1).  The first stage is constructional stretch as
discussed in Section 4-7, “Rope Length/Stretch.”  It is
rapid and of a short duration and can be reduced by
pre-stretching.  In the second stage, a small amount of
stretch takes place over an extended time.  This
results from normal wear, fatigue, etc.  The third stage
is marked by an accelerating rate of stretch.  This
signals rapid degradation of the rope from prolonged
wear, fatigue, etc.  Replacement is required when the
rope enters this stage.

(3) Abrasion.  Most standards require rope
replacement when the outer wire wear exceeds 1/3 of
original wire diameter.  Since wear occurs mostly on
the outer wires’ outer surfaces, measuring or
determining the exact amount of wear is difficult.
Dismantling and measuring wire diameters of
discarded ropes can provide training for the inspector.

(4) Broken wires.  The number of broken wires on
the outside of a wire rope provides an index of its
general condition.  Wire rope on gate-operating
devices should be replaced if the number of broken
wires per lay length reaches 6, or if the number of
broken wires per strand rotation length reaches 3.  If
more than one wire fails adjacent to a termination, the
rope shall be replaced immediately.  It is common for
a single wire to break shortly after installation, which
may not be a concern.  However, if more wires break,
the situation should be investigated.    Once breaks
begin to appear, many more will generally occur
within a relatively short time.  Attempts to get the last
measure of service from a rope can create a dangerous
situation.  Broken wires in the valleys of rope
(between the strands) indicate a very serious
condition.  When two or more such fractures are
found, the rope should be replaced immediately. A
determination of the cause of wire breaks should be
made before replacing the rope.  Figure 7-2 shows
various types of breaks.  

(5) Corrosion.  Corrosion may be the most
common and serious form of rope degradation on
gate- lifting devices.  There is no known method of
calculating the strength of a corroded rope.  It will
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Figure 7-2.   Various types of wire breaks:  (a) a ductile
failure from too great a load, (b) a shear-tensile failure
from a combination of transverse and axial loads,
(c) and (d) breaks from fatigue

Figure 7-3.   A comparison of abrasion and peening: Abrasion wears away wire material.  Peening swages and
fatigues.  Notice the crack between the arrows

often occur internally before any evidence appears on (8) Localized conditions.  It is typical for gate-
the external surface.  A slight discoloration from rust operating devices at some Corps installations to
is usually just an indication that lubrication is position their rope at one or two locations most of the
overdue.  However, severe rusting leads to fatigue time.  This concentrates wear or damage at these
failure, especially in areas that normally would not areas.  Also, special attention should be given to rope
fail, such as near terminations, where bending is not in the areas of equalizing sheaves.  Only slight
required.  Pitting is the worst form of corrosion.  If movement occurs over them, usually a rocking
pitting is observed, the rope should be replaced.  Not motion.  This causes a concentration of bending and
only do the pits damage the wires on which they abrasion where the rope meets the sheave groove.
occur, they also prevent the rope’s component parts Look for worn and broken wires.  Note that this is an
from moving freely when moving over sheaves and area where deterioration may not be readily detected.
drums.  This contributes to abrasion and fatigue. Careful checking and operating of the device may be

(6) Peening.  Continuous pounding is one cause fittings are especially susceptible to damage if they
of peening.  It can occur when a rope vibrates against are submerged.  This would require the gate to be
another component, or if a rope is continuously lifted for the inspection.

worked against a drum or a sheave at a high pressure.
The appearances of peening and abrasion are
compared in Figure 7-3.  Heavy peening can result in
wires cracking and breaking and may eventually
require rope replacement.

(7) Scrubbing.  Scrubbing occurs when a rope
rubs against itself or another object.  Its effects are
normally evident on only one side of a rope.  If
corrective measures are not taken in time, rope
replacement may be required.

required to make rope damage more visible.  End
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Figure 7-4.   Measuring groove diameter with a
“Go/No-Go” gauge

(9) Other forms.  There are several other forms of
rope damage, all of which call for immediate rope
replacement.  They include kinks, bird caging, pro-
truding cores, and heat damage.  Kinking is discussed
in Section 6-2, “Storage, Handling, and Unreeling.”
Bird caging is a separation of the strands or wires
resulting from shock or sudden loading.  Any time a
rope’s core is visible, the rope must be replaced.  Heat
damage is usually evident as a discoloration of the
rope wires, and also calls for rope replacement.

(10) Over-stressing.  There have been occasions
when a gate-operating device jams, or one or more
ropes on a multi-rope device breaks. On these
occasions a rope (or ropes) have been overstressed
compared to their design load.  Determining if the
rope was damaged may be impossible.  In some than one wire has failed adjacent to a termination, the
instances damage may be indicated by a change in lay rope should be replaced immediately.
length.  If so, the area of change may be small, so
finding this evidence may be difficult.  If a wire rope d. Inspection reports.  In addition to planning
has been damaged because of overstressing it should and carrying out an inspection program, it is necessary
be replaced.  If damage is suspected, but not proven, it to store and analyze the data.  A sample inspection
is better to err on the conservative side.  As a report form is included in Appendix G.  It is
minimum, the potential of overstressing must be recommended that inspection reports be signed and
considered at the end of the rope’s projected service dated.  They should be kept for the life of the rope and
life (See Section 7-2, “Retirement”). after its replacement.  The report data  should be

c. Indicators for sheaves, etc.  Inspection of any trends that may occur.
sheaves, pulleys, drums, fittings, and any other
machine parts or components coming into contact
with the rope is also required. The inspection of these
components should be performed at the same time as
the wire rope inspection and the results should
likewise be documented.

(1) Sheaves, pulleys, and drums.  The first item
to be checked when inspecting sheaves, pulleys, roller
guides, and (grooved) drums is groove size.  This is
done with “go” and “no-go” gauges as shown in Fig-
ure 7-4.  Second, the condition of the grooves must be
inspected.  The pattern of the rope may be imprinted
in the groove.  If so, rope wear will be greatly
increased.  Third, the inspector should check for
wobble in the bearings, broken flanges, flat spots, or
off center groove wear.

(2) Fittings.  Cracked, bent, worn, or broken
fittings must be replaced.  Look for broken wires and
loose or damaged strands adjacent to fittings.  If more

compared with data from previous reports to identify

7-2.  Retirement

a. Service life.  Section 7-1 discusses wire rope
inspection, and gives some criteria for retirement.
However, it is recommended that wire rope used on
gate-operating devices be assumed to have a maximum
service life of 20 years.  Devices with previous
records of short rope life should be assumed to have a
shorter rope service life. 

b. Failure analysis.  A failure analysis should be
performed on any retired rope to determine its prime
failure mode(s) so a replacement rope can be selected
with a cost effective service life.

c. Disposal of wire rope.  The disposal of failed
or retired wire rope may pose a problem.  Wire rope is
not easily processed by the shredders used to prepare
scrap metal for re-melting.  Lubricated wire rope
cannot be buried in landfills in some states. Also, sizes
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13 mm (1/2-in.) through 22 mm (7/8-in.) used wire and on their outer surfaces causing corrosion.  Tests
rope is suitable for drag line use.  However, most wire have indicated that corrosion will be less severe for a
rope used for gate-operating devices is larger and is non-lubricated rope than for one which is infrequently
not in demand in a used condition.  If replacement lubricated.  Infrequent lubrication causes areas on a
rope will be installed by contract, having the rope’s  surface to have no lubricant for extended
contractor “remove and dispose of properly” may be periods of time.  In humid atmospheres, or submerged
the best option.  conditions, this produces corrosion cells which cause

7-3.  Lubrication

a. Rope lubrication.  There are two reasons for
lubricating wire rope, wear reduction and corrosion
reduction.  Ropes are usually lubricated by the
manufacturer during fabrication.  The manufacturer
will generally have shop equipment which can force
lubricant into the core area of the rope.  The initial
treatment is generally adequate for transport and
storage, and it will usually protect the rope for a short
time after initial use.  However, it will usually not
provide the lubrication needed for the rope’s full life.
Periodic cleaning and lubrication are usually
necessary.  A rope can be cleaned with a stiff wire
brush dipped in solvent, with compressed air, or with
superheated steam.  The object of cleaning is to
remove any foreign material and old lubricant from the
valleys between the strands and from the spaces
between the outer wires.  New lubricant is applied by
continuous bath, dripping, pouring, swabbing,
painting, or by spray nozzle  In selecting the type of
lubricant, a number of issues need to be considered
such as:

(1) Clear lubricant may be required for exterior operating devices produces conditions of excessive
rope inspection. stress, which may cause failure of ropes and other

(2) Hot weather conditions may liquefy normal Debris trapped in multi-line hoists can cause unequal
lubricant. tension in the ropes. Safety devices which limit rope

(3) High frequency or unusual amount of (Appendix E).  Ice can be removed by spraying with
lubricant may emphasize cost. cold or heated water, or to some extent, it can be

(4) Special environmental requirements may (Appendix I).
limit lubricant selection.

Specific brand names and types of lubricants are listed
and discussed in Appendix H.  Also,  not lubricating
may be considered in situations where the rope is
stainless steel and operation is infrequent.  Lubrication
can seal moisture in the voids between the rope wires

deep pitting.  If a rope is not lubricated, corrosion
tends to be shallow and over a large area.    The deep
pits on the infrequently lubricated rope are much more
damaging than loosing a thin layer of metal over a
large area.  Also, if a rope is frequently lubricated, the
corrosion cells may still form, but their duration will
be shorter, and their locations change the each time
the rope is lubricated.  Consequently, a greater number
of pits may occur, but they tend to be shallow.  Again,
the deep pits on the infrequently lubricated rope are
much more damaging.  For additional information on
wire rope lubrication, refer to the upcoming Engineer
Manual on lubrication.

b. Sheave lubrication.  Sheave bearings should
be lubricated periodically.  Increased friction at wire
rope sheaves can significantly affect the tension
required to lift a given load (Section 4-2, “Calculating
Rope Load”).  Lubrication points for sheaves should
be in accessible locations.  If this is not true for exist-
ing equipment, modifications should be considered.

7-4.  Ice and Debris Removal

The presence of ice or debris in or on gates or gate-

equipment.  Ice may make gates impossible to move.

tension can reduce the probability of such failures

prevented from forming with heated panels

7-5.  Painting

When painting is performed around wire ropes, special
care should be taken to make sure that they are
protected from overspray.  Some paint contains
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chlorides (and other chemicals) which may contribute submerged wire rope is possible, while protection of
to or cause corrosion of the rope. wire rope in damp environments is not.  The sacrificial

7-6.  Cathodic Protection

Cathodic protection is often used for gates but is less
often used for wire rope.  Cathodic protection of

anode method, using magnesium anodes, is
recommended over the impressed current method.
The anodes must be grounded to the rope socket and
located close to the rope sockets (see Sections 3-2,
“Materials/Coatings” and 3-5, “Two-Piece Ropes”).


